Introduction The relationship between obesity or overweight and pulmonary functions has not been investigated in Sri Lankan children previously. Therefore, we aimed to study the effects of obesity / overweight on dynamic lung functions in healthy school children in Sri Lanka.
Introduction
Prevalence o f obesity and overweight is increasing in adults and in children in both developed and developing countries [1, 2] . Obesity is a risk factor for many conditions including respiratory disorders such as asthma, increased airway resistance and atopy [3, 4] , Therefore, increasing numbers o f obese children with respiratory disorders are referred for lung function testing. Pulm onary function abnormalities are recognised complications o f obesity in adults [5] , However, available data on lung functions o f children with overw eight and obesity are inconsistent [6] [7] [8] , Further, there is lim ited information on effect o f BMI on lung function in children in Sri Lanka. Therefore, this study was designed to determine the effects o f obesity and overweight on dynamic lung functions measured with spirometry.
Methods
Children between 9-15 years were recruited for this cross-sectional survey w hich w as conducted in Colombo District in Sri Lanka. Sample size was calculated based on observed variance o f dynam ic lung volum es from a previous study and prevalence o f overw eight/obesity (14%) among healthy school children in the Colombo metropolitan area [7, 9] . Three schools with both girls and boys and primary and secondary education were randomly chosen. In each selected school, one class from each grade was randomly selected to recruit children between 9-15 years. All the students in each class were invited for the study. The principal and the teachers were given general inform ation about spirometry and a detailed explanation o f the procedure. Informed written consent was obtained from the parents. A pretested questionnaire based on International Study o f A sthm a and A llergies in Child hood (ISAAC) questionnaire was distributed am ong the parent/guardian o f the selected children [10] . It recorded information on demography, past and current medical/ surgical problems and exposure to environmental triggers. Subsequently all the children who returned the completed questionnaire with the signed consent form underwent a detailed clinical assessment by the principal investigator. C h ild re n w ho had u p p er o r lo w er resp ira to ry infections, chronic respiratory disorders such as asthma or interstitial lung disease, congenital abnormalities o f cardio-respiratory system, chest deformities and neuro m uscular diseases were excluded.
Subsequently all children who fulfilled the inclusive criteria, underw ent spirom etry. T he w eight (kg) and standing height (cm) were m easured with a calibrated w eig h in g scale and a stad io m eter. S p iro m etry w as carried out by two trained technicians. We m easured P a p e r pulmonary function parameters using an Alpha Touch Vitalograph Spirometer in accordance with the American Thoracic Society and E uropean R espiratory Society G uidelines. The spirom eter w as calibrated each day using a three litre syringe. All children performed forced expiratory manoeuvres to obtain optimal effort (duration o f exhalation at least 3 s for children <11 years old and 6 s for children >11 years old). The best o f at least three technically accep-table values for FEV1, FVC and flow volume curves were selected. These children with acceptable spirometry values were grouped according to BMI. 'O bese/overw eight'group included children with BMI for the age and sex more than the 85th percentile according to CDC (C entre for D iseases C ontrol and Prevention) reference charts. O verw eight was defined as BMI between 85th and 95th percentile and obesity as BMI >95th percentile. Children between 5th and 85th centile were considered 'normal w eight'. BMI with <5th percentile was defined as 'underw eight'.
Our study was approved by the Ethics Committee o f the Faculty o f M edical Sciences, University o f Sri Jayewardenepura Sri Lanka. Pearson's chi-square test was used to evaluate potential association with categorical variables and student's t-test was used to assess mean differences with ratio-scale variables. SPSS for Windows statistical software was used for the analysis. The level of significance was set at 5% in all comparisons.
Results
Four hundred and five com pleted questionnaires w ere retu rn ed . O f them 93 w ere ex clu d ed due to incomplete data. Two hundred and seventy five healthy children had acceptable and reproducible spirometry curves. Finally results o f 275 children were analysed. O f them, 55 (20%) were in the 'obese/overweight' category. In 198 (72%) BMI was in the normal range (5th to 85th percentile). A subgroup o f these normal children was randomly selected (a random sub sample) to compare w ith the obese/overw eight group. C haracteristics o f this random sub sample o f normal weight children were similar to the characteristics o f the whole group o f normal weight children and no significant differences were noted with regard to their age, gender, height or weight. Then the results o f these two groups were compared. The demo graphic data are given in table 1.
In our study BMI has no significant relationship to any o f the pulmonary function parameters. However, in contrast to what is expected, mean values o f FVC, FEV! and FEF 25-75% were lower in 'normal w eight' group (Table 2) . 
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Discussion
T he reasons fo r the link b etw een o b esity and res-piratory disorders are not com pletely understood. Several possible mechanisms related to obesity have been investigated which m ay be causing respiratory problems especially asthm atic sym ptom s in obese individuals [11] [12] [13] , It has been correlated to mechanical effect o f adipose tissue on the lung, airw ay inflam m ation and bronchial hyper responsiveness. The exact causative mechanisms has not been established. Previous studies have not firm ly established the relationship betw een obesity and sp iro m etry param eters. Som e o f these studies have shown a significant reduction in spirometry parameters with obesity w hile others have not shown any effect [6] [7] [8] , O ur study did not show any significant effect o f obesity or overw eight on dynamic lung volumes measured by spirometer.
Lazarus et al has exam ined the effect o f total body fat as a percentage o f w eight on FVC and FEV1 [6] . Total body fat was estimated by measuring skin fold thickness. He showed that height-adjusted FVC and FEV1 values increased significantly w ith increment in w eight for age and sex. Since w eight measures both lean and fat mass, com parison after adjusting FVC and FEV1 values for both height and w eight showed a significant decrease o f ventilator functions with increasing skin fold thickness. Turan and co-w orkers have show n in a com parative study on obese and non-obese that although there was no statistically significant difference in FEV,, FVC, or FEV1/ FVC, a significant reduction in peak expiratory flow rate (PEFR) and FEF 25-75% was found in overweight and obese individuals [7] , This discrepancy observed between studies investi gating relationship between spirometry parameters and obesity/overweight could be explained in many ways. Methodological differences such as dissimilar criteria in measuring the fat mass or sample size may have played a role. Further, distribution o f body fat in different popu lations, degree o f obesity and duration o f obesity in the sam ples recruited m ay have an effect on pulm onary function. This variability in results m ay also be due to positive effect o f growth m asking the negative effects o f obesity on lung function.
In general, BMI is considered a measure o f obesity and it cannot distinguish fat and lean body mass [14] , It is an index o f nutritional status and its relationship with body composition is controversial. W hen com pared with other measurements, accuracy and precision o f skin fold thickness m easurem ents is poor in obese children [14] , However, it can be used to predict body composition. Some studies have investigated the relationship betw een obesity and static lung volum es (total lung capacity, functional residual capacity, residual volume), and ventilation-perfusion relationships in children. In that context, Li et al has shown that increased body fat measured by D XA scan has a negative correlation with functional residual capacity [15] .
There are few lim itations in our study. A bigger sample size would have given more concrete evidence. Further, although BMI is the m ost widely used acceptable method o f obesity, it does not differentiate the lean mass and fat mass in an individual. Therefore, a method which assesses the body com position would have given more accurate results. In our study we have only investigated the dynamic lung volumes since we did not have facilities to examine static lung volum es and ventilation-perfusion relationship in children. H ow ever, recruiting healthy children following a strict screening procedure carried out by the principal investigator is a strength in our study.
In conclusions, our study did not show a significant effect o f obesity/overweight on dynamic lung volumes among healthy school children in Colombo District, Sri Lanka.
